Facioscapulohumeral muscular dystrophy (FSHD) presents a muscular weakness in the face, shoulder girdle, and legs. In addition, bilateral, progressive, high-frequency sensorineural hearing loss (SNHL) can be expressed. A 3-year-old boy visited with bilateral facial paralysis and bilateral hearing loss. Audiological evaluations revealed bilateral, progressive, sloping SNHL and bilateral hearing aids was used for more than 3 years. Cochlear implantation was carried out on left side when he was 6 years old and on right side when he was 7 years old. Seven months after cochlear implantation on left side, his shoulder muscle weakness was found and the genetic analysis showed decreased D4Z4 repeat size in 4qA allele confirming a diagnosis of FSHD. After auditory rehabilitation using electroacoustic stimulation, his hearing and speech perception were much improved. This case suggests that cochlear implantation can be beneficial in patients with SNHL associated with FSHD. 
Introduction
Facioscapulohumeral dystrophy (FSHD) is often cited as the third most common form of muscular dystrophy. 1) It is an autosomal dominant muscular dystrophy caused by contraction of a region of DNA on chromosome 4 containing repeated DNA sequences called D4Z4 repeats. 2) Patients with FSHD represent muscular weakness in the face, shoulder girdle, and legs. The most severe form has onset in childhood and is associated with fewer D4Z4 repeats. High-frequency sensorineural hearing loss (SNHL) and retinal vasculopathy can be a part of this severe phenotype. 2) In the point of rarity of reports on CI in FSHD, we report here a clinical case of a patient with FSHD that has underwent bilateral CI as a treatment for severe SNHL.
Case
A 3-year-old boy with bilateral hearing loss and bilateral facial paralysis visited at otolaryngology clinic. Bilateral hearing loss was identified in newborn screening test and auditory brainstem response test (right side: 45 dB, left side: 55 dB) when he was 4 months old. He has used bilateral hearing
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aids from 16 months after birth. Bilateral facial paralysis was incidentally noticed at our clinic when he was 3 years old. The progress of facial paralysis was insidious and continuous, not recurrent nor episodic. We investigated his previous photos to speculate onset time of his facial paralysis, and it was obvious when he was 23 months old. In cranial nerve (CN) examinations, other CNs were intact except for CN VII and VIII. High-resolution computerized tomography of the temporal bone and internal auditory canal magnetic resonance imaging showed no anomaly of inner ear. The initial pure (Fig. 1A) . The initial speech audiometry was right 14% and left 0%. Three years after use of bilateral hearing aids, hearing gain and speech perception were not high. Because the benefit of conventional hearing aids was only minimal, CI was planned. CI (nucleus 422, standard electrode arrays with full-length insertions, round window approach) was carried out on left side when he was 6 years old and on right side when he was 7 years old ( Fig. 2) . The device and technique were identical on both sides. In addition, a standardized "soft surgery" technique suggested by Lehnhardt 3) and intraoperative administration of intravenous dexamethasone (0.25 mg/kg) were used on both sides. After CI, intraoperative Neural Response Telemetry, a noninvasive direct physiologic measurement of evoked compound action potentials of the auditory nerve via the implant, showed all positive in 22 channels on both sides. The low tone hearing preservation was confirmed in postoperative audiometry and improved CI-aided pure tone threshold/word recognition scores were observed on both sides (Fig. 1B) . Six months after surgery on left side, categories of auditory performance (CAP) score was improved from 4 to 6 and speech perception (open-set, audio only) was improved from 40% to 100%. On the other hand, CAP score was 6 and speech perception (open-set, audio only) was 96%, when he wore the device on right side only at 5 months after CI on right side. He is taking postoperative auditory rehabilitation using electroacoustic stimulation (EAS). Seven months after CI on left side, his shoulder muscle weakness was found and the genetic analysis showed decreased D4Z4 repeat size in 4qA allele [D4Z4 repeat size (kb) and haplotype analysis: 90 kb (4qA)/21 kb (4qA)] confirming a diagnosis of FSHD.
Discussion
2) High-frequency SNHL and retinal vasculopathy can be presented in a severe phenotype of FSHD expressed in childhood and associated with fewer D4Z4 repeats. 2) In most cases, facial muscle paralysis develops initially, followed by muscular weakness of shoulders and arms. Extramuscular manifestations have often been reported in patients with FSHD and auditory impairment is the most frequently detected manifestation.
4)
Approximately 60% of individuals with FSHD have an abnormal audiogram with high-tone SNHL. 4 ) SNHL in patients with FSHD initially involves the higher frequency range and tends to involve the lower frequencies as one grows older, and a primary involvement of the outer hair cells has been speculated. 5 ) Auditory brainstem response studies in patients with FSHD revealed normal results, suggesting the integrity of auditory neural pathways. 6, 7) However, transiently evoked otoacoustic emissions proved to be absent in FSHD patient, even in patients with clinically normal or near-normal hearing, which supports association with cochlear damage. 8) Although the reason for the hearing loss is not yet understood, high-tone SNHL in childhood-onset FSHD can be more profound than that in adults. Therefore if failed to detect their hearing losses, they may have delayed language development and even the false perception of cognitive impairment. 9) Consequently, hearing should be tested routinely in infants and preschool children diagnosed with FSHD. 10) In our case, bilateral SNHL was initially identified in the newborn hearing screening test, followed by progressive bilateral facial paralysis. Muscular weakness of his upper extremities was detected since his age of 6 years, which enabled the diagnosis of FSHD finally. Late or progressive development of the muscular weakness findings including shoulders and arms may make the early diagnosis of FSHD difficult. If FSHD patients have hearing loss more severe than mild degree, conventional hearing aids can be considered first. However, in cases of little benefit, other hearing rehabilitations need to be decided. Especially, in pediatric FSHD cases, more effective one including CI should be selected as soon as possible. We need to pay attention to residual hearing shown in FSHD cases with severe hearing loss for better auditory rehabilitation. Residual hearing preserved after CI has been reported to increase hearing performance-especially noisy environments, improve music perception, enable to listen sound of a more natural quality. [11] [12] [13] The type of insertion of CI electrode arrays can be partial or full-length. Skarzynski, et al. 12) reported 100% of preservation of some residual hearing with partial insertion (Med-El devices, 20 mm, Innsbruck, Austria) in 9 children. Partial insertion technique would possibly avoid damage to the lower frequency area of the cochlea. On the contrary, full-length insertion technique may have a potential of damage to the lower frequency region. Because residual hearing may be lost after CI, the insertion type of CI electrode arrays needs to be considered carefully. However, we have to consider that children with hearing impairment tend to have a greater risk of progressive hearing loss than adults. 14) Recent study evaluated postoperative residual hearing after pediatric CI. 14) They found that approximately 45% had complete hearing preservation and 90% had partial hearing preservation. 14) For the residual hearing preservation with fulllength electrode array insertions, meticulous surgical technique and safe electrode array design are essential. If the preservation of residual hearing is achieved, the application of EAS can be considered. With a successful full-length insertion of standard-length electrode arrays and preservation of residual hearing, EAS mode need to deactivate low-frequency electrodes for the acoustic rehabilitation. And, with loss of lowfrequency residual hearing by progressive hearing loss, the electrical stimulation on the low-frequency region can be activated. Although CI in FSHD patients was not reported to date, his postoperative hearing and speech perception in this case were good. Therefore we think CI in FSHD cases with severe hearing loss can be one of good rehabilitation candidates. Because FSHD cases with hearing impairment usually present high-tone SNHL, post-CI auditory rehabilitation using EAS need to be considered actively.
In conclusion, to the best of our knowledge, this is the first case that FSHD patient with bilateral severe SNHL underwent CI. Our surgical results suggest that CI in FSHD patients with severe hearing loss may be helpful for their auditory rehabilitation. Because high-frequency SNHL is typical feature of FSHD with hearing impairment, post-CI auditory rehabilitation using EAS should be considered.
